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Doppler echocardiography was used to assess diastolic function in
40 patients with hypertrophic cardiomyopathy and to relate it to
the patients' symptoms, anaerobic threshold and maximal oxygen
consumption during cardiopulmonary exercise testing. The pa-
tients had a smaller early (E wave) (p < 0.01), higher late
(A wave) (p < 0.05) mitral diastolic ftow velocity, larger AlE ratio
(p < 0.01), longer isovolumetric relaxation time and E wave
duration (p < 0.001) and slower deceleration rate of the E wave
(p < 0.001) than 40 age· and gender-matched normal subjects. In
the patients with hypertrophic cardiomyopathy, maximal oxygen
consumption and anaerobic threshold were, respectively, 26.3 ±
9.2 and 21.1 ± 6.1 mJlkg per min compared with 47 (range 39 to
68) (p < 0.01) and 41 (range 27 to 58) mJlkg per min (p < 0.01) in
normal subjects. There was no relation between Doppler indexes
Hypertrophic cardiomyopathy is a primary disorder of heart
muscle that is characterized by left ventricular hypertrophy
without identifiable cause, Whereas systolic function is
seldom depressed, diastolic dysfunction is a prominent fea-
ture of this disorder (1-5). The introduction of Doppler
echocardiography has provided a noninvasive means of
assessing ventricular diastolic function (6-15) and has been
shown to correlate well with indexes of left ventricular
function obtained by gated radionuclide ventriculography
(11) and cardiac catheterization (14),
Previous studies (12) have documented abnormalities of
diastolic function using pulsed wave Doppler ultrasound in
patients with hypertrophic cardiomyopathy under rest con-
ditions. These studies have noted a wide range of patterns
including normal velocity curves and a poor correlation
between symptoms and appearance of the mitral valve flow
velocity curves (12). In this study we investigated the range
of filling abnormalities in patients with hypertrophic cardio-
myopathy using pulsed wave Doppler ultrasound and related
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and symptoms but symptomatic patients had lower maximal
oxygen consumption and anaerobic threshold compared with
asymptomatic patients (21.4 ± 7 vs. 30.7 ± 10, P< 0.001 and 18.6
± 4.7 vs. 23.1 ± 5.7, respectively, p < 0.001).
In conclusion, Doppler echocardiography can identify abnor-
malities of left ventricular filling in patients with hypertrophic
cardiomyopathy. However, these indexes measured at rest do not
correspond to the patient's professed symptomatic status or
exercise capacity measured objectively. Conversely, cardiopulmo-
nary exercise testing reveals a depressed maximal oxygen con·
sumption and anaerobic threshold even in the least symptomatic
patients.
(J Am Coli CardioI1992;19:536-40)
these findings to the patients' exercise functional capacity
and symptomatic status.
Methods
Study patients (Tables 1 and 2). Forty patients with
hypertrophic cardiomyopathy were studied. The clinical
diagnosis of hypertrophic cardiomyopathy was confirmed by
the echocardiographic demonstration of a hypertrophied left
ventricle with normal or decreased internal dimensions in
the absence of any cardiac or systemic cause of hypertrophy
(1-5). There were 22 female and 18 male patients with an
average age of 41 years (range 13 to 74). Seventeen patients
were entirely asymptomatic and 13 were mildly symptomatic
(short of breath) in New York Heart Association functional
class I or II, whereas 3 were in functional class III or IV.
Three patients gave a history of one or more syncopal
attacks and 2 had presyncopal episodes with ventricular
tachycardia; 19 had exertional chest pain (Table 1). All
patients remained on medication during evaluation, includ-
ing a beta-adrenergic blocking agent in 14, amiodarone in 38
and verapamil in 4. The pattern of hypertrophy was asym-
metric in 33 patients (83%), concentric in 5 (12%) and distal
in 2 (5%) (Table 2).
An additional 40 age- and gender-matched normal volun-
teers selected from doctors and personnel working in our
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NYHA class = New York Heart Association classification.
Table 2. Echocardiographic and Doppler Ultrasound
Characteristics of 40 Patients With Hypertrophic Cardiomyopathy
No. %
Distribution of hypertrophy
Asymmetric 33 83
Concentric 5 12
Distal 2 5
Systolic anterior motion
Yes 27 68
No 13 32
Mitral regurgitation
Mild 16 40
Moderate 4 10
Severe
Intraventricular systolic flow velocity (m/s)
High (3.7 ± 1.4) 20 50
Low (1.2 ± 0.3) 20 50
institution, without clinical or echocardiographic evidence of
cardiovascular disease, were similarly studied to constitute
the control group. All patients and control subjects were in
sinus rhythm.
Doppler echocardiography. Each subject underwent a
complete echocardiographic study (16) followed by color
flow imaging and pulsed and continuous wave Doppler
ultrasound, using Toshiba SSH 65A and l60A ultrasound
systems. Simultaneous electrocardiographic (ECG) and pho-
nocardiographic recordings were also obtained. From apical
transducer positions the sample volume was placed in the
left ventricular inflow at the center of the mitral funnel
during unforced expiration. Care was taken to obtain the
highest early and late peak left ventricular diastolic inflow
velocity with the best signal to noise ratio. Values were
averaged from five successive beats in each subject.
The following Doppler echocardiographic indexes were
obtainedfor each subject:. 1) maximal early and late diastolic
flow velocity (E and A waves), as well as the AlE ratio;
2) isovolumetric relaxation time measured as the time be-
tween the aortic closure sound (Az) and the onset of mitral
diastolic flow (ms); 3) duration of early diastolic flow veloc-
ity (ms); and 4) mean deceleration rate of early diastolic flow
velocity (EF slope) (cm/sz).
Color flow imaging ofthe intraventricularflow profile was
used to ascertain the presence of intraventricular turbulence
Results
Echocardiographic findings. A left ventricular outflow
tract gradient was detected in 20 (50%) of the 40 patients.
The average left ventricular outflow tract flow velocity was
3.7 ± 1.4 mls (range 2 to 6.4) in these 20 patients; in the
remaining 20 patients it was 1.2 ± OJ mls (0.8 to 1.5), p <
0.001.
Mitral regurgitation was also present in 20 (50%) of the 40
patients, 18 of whom also had a left ventricular outflow tract
gradient. Two patients with a left ventricular outflow tract
gradient had no mitral regurgitation, whereas two others
with mild mitral regurgitation did not have a gradient. The
mitral regurgitation was considered mild in 16 patients and
moderate in 4.
Diastolic flow characteristics (Table 3). Patients with hy-
pertrophic cardiomyopathy differed significantly as a group
from normal subjects in each of the Doppler indexes of
diastolic function. They exhibited lower early diastolic flow
velocity (p < 0.001), higher late diastolic flow velocity (p <
0.05), higher AlE ratio (p < 0.01), longer isovolumetric
(17) and mitral regurgitation (18), followed by continuous
wave Doppler recordings of the maximal left ventricular
outflow tract flow velocity.
Exercise test. All patients underwent progressive tread-
mill exercise testing using a modified Bruce protocol with
simultaneous respiratory gas analysis according to a previ-
ously described technique (19,20). The test was performed
within 3 to 5 days of the echocardiographic examination
without altering the patients' medication or loading condi-
tions. Patients were encouraged to exercise until they felt
unable to continue. Sampling of mixed expired gases was
performed every second and data were expressed as 10-s
mean values. Maximal oxygen consumption was defined as
the mean of the highest two oxygen consumption values
obtained during exercise. Anaerobic threshold was defined
as the point at which carbon dioxide production increased
disproportionately in relation to oxygen consumption ob-
tained from a graph plotting oxygen consumption against
carbon dioxide production. Values for oxygen consumption
and carbon dioxide production were expressed in ml x kg-l
x min-l (20).
Twenty (50%) of the 40 normal subjects also underwent
exercise testing with respiratory gas analysis to establish the
normal range of maximal oxygen consumption and anaerobic
threshold; these results have been published elsewhere (20).
Maximal oxygen consumption and anaerobic threshold were
39 to 68 (mean 47) and 27 to 58 (mean 41) ml/kg per min in
these normal subjects.
Statistical analysis. Data were expressed as mean values
± 1 SD. Comparison between patients and normal subjects
and between groups of patients was performed by using the
unpaired t test for paired data. Statistical relations were
evaluated by correlation coefficient and linear regression
analysis.
13 (33%)
3 (8%)
5 (13%)
19 (48%)
17 (43%)
41 (range 13-74)
22/18
Age (mean) (yr)
Malelfemale
NYHA class
I-II
III-IV
Syncopelpresyncope
Chest pain
Asymptomatic
Table 1. Clinical Characteristics of 40 Patients With
Hypertrophic Cardiomyopathy
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Table 3. Doppler Indexes in 40 Normal Subjects and 40 Patients With Hypertrophic Cardiomyopathy
E Wave A Wave IVRT EF OF
(cm/s) (cm/s) AlE (ms) (cm/s2) (ms)
Normal 61.7 ± 12.6 38.7 ± 9.1 0.65 ± 0.21 64.7 ± 13 463 ± 125 220 ± 38
HCM 51.4 ± 11.9 45.8 ± 19.4 0.93 ± 0.44 94.8 ± 27.9 233 ± \01 304 ± 71
p value <0.001 <0.05 <0.01 <0.001 <0.001 <0.001
A wave = late diastolic filling; AlE = ratio between late and early left ventricular diastolic filling; OF = duration of early diastolic filling; E wave = early
diastolic filling; EF = deceleratIOn rate of early diastolic filling; HCM = hypertrophic cardiomyopathy; IVRT = isovolumetric relaxation time.
relaxation time (p < 0.001), slower deceleration of the early
diastolic flow velocity (p < 0.001) and prolongation of the
early diastolic flow velocity (p < 0.001).
Relation between symptoms and diastolic flow at rest
(Table 4). Nineteen (83%) of 23 symptomatic patients and 11
(65%) of 17 patients without symptoms had at least one
Doppler diastolic index outside the 95% confidence limits
derived from the normal subjects. The remaining four (17%)
symptomatic and six (35%) asymptomatic patients had nor-
mal diastolic indexes, but this difference did not reach
statistical significance.
Cardiopulmonary exercise test. This test was terminated
by breathlessness or fatigue, or both, in all patients. Maxi-
mal oxygen consumption and anaerobic threshold were
26.3 ± 9.2 and 21.1 ± 6.1 mUkg per min, respectively. In all
but two patients (95%) these values were lower than those
observed in the normal control group (p < 0.001). Those two
patients, aged 17 and 23 years, respectively, were younger
members of families with hypertrophic cardiomyopathy;
they were asymptomatic and had been diagnosed during
routine screening of their respective families.
Correlation between exercise capacity and symptoms (Ta-
ble 4). Seventeen asymptomatic patients (42%) had im-
paired maximal oxygen consumption and anaerobic thresh-
old when compared with the normal subjects (p < 0.0l).
Twenty-three patients (58%) were symptomatic; 16 com-
plained of shortness of breath, 19 had chest pain and 5 had at
least one episode of syncope or presyncope. As a group,
symptomatic patients had a lower maximal oxygen con-
sumption (21.4 ± 7 vs. 30.7 ± 10, p < 0.002) and lower
anaerobic threshold (18.6 ± 4.7vs. 23.1 ± 5.7, p < 0.01) than
did asymptomatic patients, but exercise capacity was best
related to breathlessness. Patients with more pronounced
functional disability (functional class III or IV) had worse
exercise performance, whereas asymptomatic patients and
those with mild breathlessness (functional class I or II) had
better exercise performance (p < 0.05). Exercise capacity
was not related to the presence or absence of an intraven-
tricular gradient.
Correlation between exercise capacity and Doppler dia-
stolic indexes. There was a weak negative correlation be-
tween the AlE ratio and both maximal oxygen consumption
(r = -0.381, p < 0.02) and anaerobic threshold (r = -0.422,
p < 0.02), primarily because of a positive correlation be-
tween the E wave and maximal oxygen consumption (r =
0.415, p < 0.01) and anaerobic threshold (r = 0.355, p <
0.02). The A wave was inversely related to the maximal
oxygen consumption (r = -0.258, p =0.086) and anaerobic
threshold (r = -0.350, p < 0.05). Of the 10 patients with
normal Doppler diastolic indexes, 9 had depressed maximal
oxygen consumption and anaerobic threshold; 6 of these
patients were asymptomatic under rest conditions.
Relation between gradients and diastolic flow characteris-
tics (Table 5). Twenty patients (50%) had a left ventricular
outflow tract gradient. Their early diastolic flow velocity
(E wave) did not differ from that of patients without a
gradient. The late diastolic flow velocity (A wave), however,
was generally higher in patients with an outflow tract gradi-
ent (p < 0.05), but the AlE ratio was similar in the two
groups.
Discussion
Shortness of breath, chest pain and dizziness or syncope
are the most frequent symptoms leading to the discovery of
patients with hypertrophic cardiomyopathy. Although it is
commonly believed that dyspnea is related to increased left
atrial pressure caused by the stiff left ventricle and its high
diastolic pressure (5), recent studies (20) have demonstrated
that the ability to increase cardiac output is the major
determinant of exercise capacity. In this study we failed to
identify a relation between Doppler diastolic variables, nec-
essarily measured under rest conditions, and the sympto-
matic status of patients. In these patients the abnormal
Table 4. Relation Between Symptoms, Doppler Diastolic Indexes and Gas Exchange During Exercise in 40 Patients With
Hypertrophic Cardiomyopathy
E Wave A Wave IVRT EF OF V02 max Anaerobic Threshold
No. (cm/s) (cm/s) AlE (ms) (cm/s2) (ms) (mVkg per min) (mVkg per min)
Symptomatic 23 51.5 ± 12.8 45.5 ± 22 0.95 ± 0.5 95 ± 26 237.5 ± 110 312 ± 72 21.4 ± 7* 18.6 ± 4.7*
Asymptomatic 17 51.3±11 46.3 ± 16 0.92 ± 0.6 93 ± 30 227 ± 92 227 ± 92 30.7 ± \0* 23.1 ± 5.7*
*p < 0.001. V02 max = maximal oxygen consumption; other abbreviations as in Table 3.
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Table 5. Comparison of Patients With and Without an Intracavitary Gradient
E Wave A Wave AlE IVRT EF DF
Gradient 52.6 ± 13.9 52.7 ± 22.4 1.05 ± 0.5 89.2 ± 26.9 219 ± 107 313 ± 83
No gradient 50.2 ± 9.6 38.6 ± 13.7 0.8 ± OJ 100.4 ± 28.5 244.5 ± 97.7 293.8 ± 59
p value NS <0.05 NS NS NS NS
Abbreviations as in Table 3.
response to cardiopulmonary exercise testing confirmed the
functional abnormality and was related to symptomatic
status.
Doppler diastolic indexes. Often in patients with hyper-
trophic cardiomyopathy, the period during which the heart is
isovolumetric is prolonged, filling is slow and the proportion
of filling volume resulting from atrial systole may be in-
creased (21). These pathophysiologic changes are reflected
in the pulsed Doppler recording of the mitral inflow wave-
form (10,12,14). Impaired ventricular relaxation usually re-
sults in slowed early ventricular filling and a compensatory
exaggerated atrial systolic filling in patients with normal left
atrial pressure (14). In more severe cases, however, with
increased left atrial pressure, the mitral inflow velocity may
be normalized (14). With more advanced disease, with
decreased compliance, there is accelerated rapid early filling
and normal or reduced late filling and a restrictive pattern
(14). In this study, one or more abnormal indexes of left
ventricular filling determined by pulsed wave Doppler ultra-
sound were detected in 75% of patients with hypertrophic
cardiomyopathy. This finding is in accordance with previous
reports (10,12) demonstrating lower early and higher late
diastolic flow velocities, prolongation of isovolumetric relax-
ation time and slower deceleration of the early diastolic flow
velocity in these patients than in normal persons. Con-
versely, 10 (25%) of our patients with hypertrophic cardio-
myopathy had, similar to the normal subjects. entirely
normal Doppler diastolic indexes. Of these 10 patients, 4
were very symptomatic-3 with breathlessness and 1 with
angina-indicating that the normal indexes may have repre-
sented a period of pseudonormalization in the progression
from the prolonged relaxation with increased late filling
("early phase") to the phase of restriction with reduced late
filling seen in advanced disease (14,21). It is therefore not
surprising that Doppler diastolic indexes are not specific for
a particular symptomatic status and exercise capacity of
patients with hypertrophic cardiomyopathy and provide
little diagnostic information in cross-sectional studies.
Maximal oxygen consumption and anaerobic threshold.
Exercise testing associated with respiratory gas analysis
provides an objective assessment of exercise capacity that
can be monitored serially. Maximal oxygen ventilatory ca-
pacity (V02 max) can be moderately reduced even in asymp-
tomatic patients (20). In our study, although normal and
abnormal Doppler diastolic indexes occurred similarly in
symptomatic and asymptomatic patients at rest, 95% of all
patients had an abnormal response to cardiopulmonary
exercise. Exercise performance was not related to the pres-
ence of an intracavitary gradient.
The majority (77%) of patients with a poor response to
cardiopulmonary exercise testing also had impaired Doppler
diastolic indexes at rest, even though 26% of this subgroup
were asymptomatic. This finding suggests that subclinical
diastolic dysfunction shown by abnormal diastolic indexes at
rest may precedes the development of symptoms.
Conclusions. In this study we confirmed that patients
with hypertrophic cardiomyopathy often exhibit filling ab-
normalities on pulsed wave Doppler echocardiography but
these are not always related to the patient's professed
symptomatic status. Cardiopulmonary exercise testing may
reveal a depressed maximal oxygen consumption and anaer-
obic threshold even in the least symptomatic patients.
Asymptomatic patients with hypertrophic cardiomyopa-
thy who had normal Doppler diastolic indexes at rest per-
formed better on cardiopulmonary exercise testing (as as-
sessed by maximal oxygen consumption and anaerobic
threshold) than did patients with abnormal indexes. Symp-
tomatic patients with abnormal rest Doppler diastolic in-
dexes had a lower anaerobic threshold during cardiopulmo-
nary exercise. More severely affected patients with
depressed systolic function and no outflow tract gradient had
normal diastolic indexes, indicating that a period of pseudo-
normalization may precede the development of a restrictive
pattern. Further sequential studies are needed to identify
progression of abnormalities and the prognostic implications
in these patients.
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